Abstract-An open access information system (http://botany-collection.bio.msu.ru) consolidating digital data on palynological, carpological, and wood anatomy collections has been established at the Department of Higher Plants of the Faculty of Biology of Moscow State University. The database includes both digital images and short morphological descriptions of samples collected during the last 70 years. The system has a joint interactive catalogue of all samples included and allows a user to make a search by the names of species, genera, families, and life forms. In addition, each collection has a separate catalogue with various search parameters. The complete catalogues of all collections are also available in Excel file format.
INTRODUCTION
The analysis of various debris of plant origin is often used to solve a wide range of applied and fundamental problems. First of all, one should mention expert studies in the field of criminalistics and the examination of a botanical basis of goods of plant origin (saw-timber, furniture, paper, cloth, etc.) [1, 2] , works of art, and food products. The analysis of plant debris is successfully applied in paleophytocenological and paleoclimatic reconstructions, archaeological and ecological studies, and allergology [3, 4] . The solution of all these tasks is impossible without the use of reference collections providing the maximum identification accuracy of plant objects.
The development of digital information systems consolidating data of several complementary collections significantly extends the capabilities of experts working with plant material. Such a system has been developed on the basis of collections of the Department of Higher Plants of the Faculty of Biology of Moscow State University, which were established during the last 70 years. An open access information system represents a database-associated website (http://botany-collection.bio.msu.ru). The system was developed to consolidate and digitize large collections of the department to facilitate the work of experts, identifying any objects of plant origin, via the provision of an access to a large volume of illustrative material and the possibility of a simultaneous use of data from different sections of fundamental botany.
From the technical point of view, the information system has a classic three-tier architecture (data layer, business logic layer, and client/interface layer). The data layer is realized using a MySQL database, whereas the other two layers are written in the PHP5.6 language using the YII2 framework. Database information is stored in a Third Normal Form with the minimal deviations from normalization caused by a running speed. The architecture of a business logic layer is of the MVC (Model, View, Controller) type, where the Model is responsible for the interaction with the data layer via the ORM (object-relational mapping) technology, whereas the View is responsible for the client layer and actually represents a user interface.
The information system combines materials obtained in the course of a special treatment of three independent palynological, carpological, and wood anatomy collections, because these types of plant debris (pollen grains and spores, fruits and wood fragments) represent the most frequent finds revealed during the investigation of plant material and are better preserved in both geological records and modern samples that allows experts to use them in various reconstructions and examinations. The system includes three blocks corresponding to the three collections-"Pollen" (palynological collection), "Wood" (wood anatomy collection), and "Fruits and BOTANICS seeds" (carpological collection)-and has a joint interactive catalogue of all registered samples with a search function by the names of species, genera, families, and life forms. In addition, each collection has a separate catalogue with the function of search by various parameters (depending on material features). Complete catalogues of all collections are also available in the Excel file format.
Palynological collection. The collection was established in the sixties of the last century and now contains more than 7000 samples of pollen grains and spores collected in different regions of Russia and the world. During the preparation of the material to the digitization, the standard treatment methods were used, which allows a user to compare the data from different sources. The material was pretreated using the Erdtman acetolysis method [4, 5] , and the images were obtained using permanent glycerin/gelatin slides. Each sample of this collection is represented by the morphological description and 2-8 images of pollen grains/spores in standard projections under the magnification of 400× or 1000×.
The sorting and search among the samples of the palynological collection can be realized by the morphological features of pollen grains and spores, including the pollen type unit, size, aperture type and position, number of apertures, and features of a surface sculpture.
Wood anatomy collection. The purposeful creation of the wood anatomy collection at the Department of Higher Plants was started in the middle of the last century mainly on G.B. Kedrov's initiative. To date, the collection includes more than 3000 wood samples collected in different regions of Russia and the world and covering >800 plant species. Images of samples were obtained from permanent slides after their treatment with phloroglucinol and hydrochloric acid or staining with gentian violet or safranin [6] . Each sample is represented by 4-12 images of anatomical sections in the transverse, radial, and tangential projections. The images are obtained using a light microscope at 5×, 10×, and 40× lens magnification and are provided with the descriptions of key characteristics of the wood structure. The sorting and search among collection samples can be realized by the character of tracheal elements.
Carpological collection. The collection was established in 1947 by N.N. Kaden and now contains about 30000 samples belonging to more than 7000 plant species. It includes a large number of fruits and seeds of rare and endemic species; approximately 20% of these species are included into the Red Books of the Soviet Union, Russian Federation, different regions of Russia, and neighboring countries. The digital carpological collection includes images of fruits and seeds obtained using a photographic camera or scanner (depending on the object specifics). All images are accompanied by morphometric parameters and bibliographic references. The sorting and search among carpological samples can be realized by the fruit/seed type and the type of dissemination expansion.
The system provides an open access for external users, but high-resolution images are available only for registered users. The open access to the final variant of the system containing 2000, 1000, and 400 species from the carpological, palynological, and wood anatomy collections, respectively, is planned to be provided at the end of 2017. In the case of interest of our colleagues from other research centers, the system can be expanded via its distant replenishment with the samples from other collections.
